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  INTRODUCTION 
 

The topic of Varroa mites in beekeeping has received a lot 
of critical attention so far. Understanding the complexity of 
the interaction of the host genome with the Varroa mite is 
crucial, since contamination of the hive with the mite de-
creases the biological vitality of the bees. Recently, consid-
erable literature has emerged around the topic of spread of 
Varroa mites and its negative consequences. Due to the 
adverse effects of the large-scale application of synthetic 

chemicals against mites, attempts are being made to use 
mite-resistant bee colonies (Fries et al. 1994). The literature 
review shows that there are several candidate heritable 
traits in bees that can be selected to obtain colonies that are 
genetically resistant to Varroa mites (Kirrane et al. 2011). 
One of these traits, recently introduced and directly related 
to mite resistance, is called mite reproductive suppression 
(SMR). Research into SMR inbreeding has a long history 
because, to sum up this terminology, bees disrupt or inhibit 
the reproduction of mites in larval cells. 

 

There are several candidates' heritable traits in honey bees that can be selected to make colonies genetically 
resistant to Varroa mites. This study was conducted to find an association between six microsatellite mark-
ers and suppression of the mite reproduction in honey bees. The study included two-phases. In the first 
phase, phenotypic measurement was done based on Varroa mite reproduction success and included direct 
counting of the number of cells containing the mother mite that have successfully reproduced (fertility), the 
total number of offspring, and the number of offspring mites per mother mite (fecundity). In the second 
molecular genotyping phase, the polymerase chain reaction (PCR) was amplified using specific primers to 
investigate the polymorphism of six primers. The results showed that HQ7622 and KO430 loci expressed 
the highest (6 alleles) and lowest (1 allele) number of alleles, respectively. Interestingly, the HQ7622 mi-
crosatellite marker was significantly associated with all studied traits (P<0.05). The effect of the HQ7691 
locus on the number of mother mites and the rate of mite infestation was significant (P<0.05). Furthermore, 
UN086 didn’t affect any of the measured phenotypic characteristics. The UN334d locus significantly af-
fected the number of mother mites and the rate of mite infestation (P<0.05). Effect of UN391 locus on ma-
ternal mite count (P<0.05), offspring mite count (P<0.01), total mite count (P<0.01), fertility (P<0.05), and 
the rate of mite infestation (P<0.05) was significant. On this basis, we demonstrated the importance of cer-
tain microsatellite markers for the genetic identification of bee colony resistance to Varroa mites.  
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This reduces the growth of the mite population. SMR oc-
curs through two mechanisms: First, worker bees cause 
pupal cells to open and close these caps for a limited time. 
Some authors have also pointed out that opening an in-
fected cell for a certain period of time, exactly at the time of 
bee larval development, has a negative effect on Varroa 
mite reproductive success (Kirrane et al. 2011). 

The authors bring some information about the back-
ground of the problem and another interesting mechanism 
is the inhibition of mite reproduction through the secretion 
of some volatile compounds by the growing larvae that 
inhibit the reproduction of Varroa mite. This mechanism is 
a direct route to mite resistance, in which its infected larvae 
inhibit mite proliferation in the cell (Fries et al. 1994). Mite 
reproduction is closely coordinated with pupal develop-
ment, and various components of the larval cuticle are re-
sponsible for the initiation of mite oviposition (Rosenkranz 
and Garrido, 2004; Garrido et al. 2003). 

A number of authors have recognized that in European 
bee subspecies, typically 20.5% of Varroa mites become 
sterile after invading worker larval cells (Rosenkranz et al. 
2010). Over time, an extensive body of literature has devel-
oped on high levels of reproductive dysfunction as an inher-
ited trait of worker bees, referred to as mite reproductive 
suppression (Harbo and Harris, 1999). For example, re-
search has shown that in some European populations of 
Apis mellifera naturally selected for resistance to Varroa 
mites, the proportion of mites that do not breed is signifi-
cantly increased (50-40%) (Locke and Fries, 2011). Mondet 
et al. (2020) screened 414 colonies across the entire Euro-
pean continent and observed a great variability of SMR 
across the different honey bee populations, with a mean 
proportion of non-reproducing mites reaching an overall 
score of 32.8%, and close to 16% of colonies exceeding a 
score of 50%. 

Solignac et al. (2004) prepared a consistency map using 
microsatellite markers. The researchers mapped a total of 
541 locations, of which 474 were microsatellite locations. 
Twenty-four groups estimated continuity, of which 5 were 
subgroups (7.1-22.8 cM) and 19 were main groups (76.5 
cM).  

The most comprehensive study on SMR, was conducted 
by Behrens et al. (2011) using backcross population. In 
summary, research focused on 488 microsatellite markers 
located on all 16 bee chromosomes numbers (Bulk Segre-
gation Analysis) and two resistant and susceptible male 
pupae were genotyped. Based on the BSA, followed by the 
determination of individual genotype, three interesting re-
gions located on chromosomes 4, 7 and 9 were identified, 
indicating the attachment of at least one marker to the trait 
of resistance. They also identified two genes, including the 
first orthologous of the foxo gene (GB11764), the transcript 

of the insulin signaling pathway, on chromosome 7, and the 
second orthologous of the Drosophila gene, futsch 
(GB11509). Gebremedhn et al. (2023) investigated the ex-
pression profiles of some key molecular markers involved 
in resilience to varroa infestation and found significantly 
higher gene expression of the odorant binding protein, 
OBP14, in the antennae of Ethiopian bees compared to 
Belgian bees.  

In Iran, various traits of mite resistance have been studied 
by many researchers. Including hygienic behavior, groom-
ing behavior, duration of post capping period, etc., and the 
results of those research indicate the existence of mite resis-
tance traits in some bee colonies in the country. Sepehri et 
al. (2023) surveyed single nucleotide polymorphism (SNP) 
markers of NorpA2 candidate gene and showed the exis-
tence of three specific differences in sequence in the form 
of SNP (C/T) at position 308 and the form of SNP/deletion 
at positions 504 and 563 of the nucleotide sequence region 
in the promoter between the SUS and RES groups. How-
ever, the trait of SMR in Iran was studied for the first time 
in present report. One of the features of present study was 
the simultaneous study of phenotypic and genotypic and the 
study of the relationship between them and the use of male 
pupae for phenotypic and genotypic recordings. With this 
motivation, the main goal of present report was to search 
for possible associations between six microsatellite markers 
and suppression of mite reproduction traits in honey bees. 
 

  MATERIALS AND METHODS 
Bees and sampling process 
To perform this research, in 2013, 50 Iranian honey bee 
colonies (Apis mellifera meda) were choose from commer-
cial apiaries in East Azarbaijan and, in order to obtain a 
mite resistant population, were maintained for three con-
secutive years without fighting Varroa mites. These colo-
nies were housed in standard open- bottomed Langstroth 
hives.  

The open-bottomed hive allows the mites that have fallen 
on the hive floor to not be able to return to the adult bees or 
their pupae. In the first year, 5, in the second year 31 and in 
the third year 25 colonies were lost. Every spring, colonies 
that survived the previous winter without fighting mites 
were used to form the next generation. In this way, by rear-
ing the queen and the drone from the remaining colonies 
and controlled mating, the remaining queen colonies were 
replaced and a new colony was established instead of the 
lost colonies. At the end of the third year, the mite infesta-
tion rate of these colonies was relatively low, ranging from 
7% to 13% (percentage of adult bee infestation). In this 
method, a survivor line was created in terms of mite infesta-
tion.  
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A pure Carniolan (Apis mellifera carnica) queen (ID: 
B125) was purchased from Alvand Queen Breeding Com-
pany in 2015 and properly introduced into an established 
foster colony. To obtain hybrid colonies, several virgin 
queens were raised from one-day-old larvae from Carnica 
line. These queens naturally crossed with the males of our 
survivor colonies. New colonies were formed and mated 
queens were introduced to these colonies. The following 
year, a number of these colonies were selected as mothers 
and re-crossed with the males of our survivor colonies 
(backcross), and mating queens were obtained (Figure 1). 
These queens were introduced and established in new colo-
nies and drone pupae of three backcrossed colonies were 
phenotypically and genetically evaluated for SMR. Figure 1 
indicated an experimental design to produce drones for the 
measurement of SMR record. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Crossing design to produce drones for measurement of SMR 
record. A: pure grandmother colony (Carniolan); B: drone producing 
grandfather colony (survivor); C: virgin daughter queen of A; D: drones 
produced by B; E: drones produced by Queen C that mated to D drones, 
due to haploidic they inherit only their mother genes; F: daughter of C 
Queen and D drones (F1); G: F2 virgin queen and H: drones produced by 
F1 colony or H1 drones 
 
Phenotypic measurements 
The reproductive success of Varroa mites is determined in 
three ways: 1) Count the number of cells containing the 
mother mite that have succeeded in reproducing (fertility). 
2) A total number of offspring and 3) A number of 
offspring mites per mother mite (fecundity). Firstly, 1-2 
drone combs were placed in the backcross colonies. 15 to 
18 days later, each pupa cell was opened using a needle. 
The contents of each cell were emptied on a greaseproof 
white paper and the number of mother and offspring mites 
in the cell and on the pupae were examined and counted 
using forceps and a magnifying glass (Lee et al. 2010). At 
this stage of bee male pupation, the mother mites are dark 
brown and the offspring mites are lighter (white to light 

brown) and therefore easily recognizable and countable. At 
least 100 male pupae from each hive and a total of 563 
were, phenotypically, examined and recorded. 

Calculation of infestation of male pupae was achieved by 
(Dietemann et al. 2013):  
 
Infection percent= (number of infested cells/number of 
inspected cells) ×100  
 

The success of mite reproduction is tested by determining 
the familial structure of the mite in the infected cell. 
Different aspects of mite reproduction can be measured. 
Inside each pupa cell, the following information can be 
collected: sex, stage of development, and viability. Dead 
and live mites can also be detected if the larval cells are 
freshly examined. To check for mite reproduction, the test 
larval cell must first be emptied and tested as follows: 
Using a pair of pliers, the pupa cell cap is carefully opened 
and the cell walls are pushed aside. The pupae are removed 
from the cell using forceps. It is best to take the pupae when 
removing it from the neck area. The pupae are placed on a 
white oiled cardboard. Then all parts of the pupa are 
examined using a loop and the number of mother and 
offspring mites is counted. Records of live mother mites 
and number of live offspring mites were recorded in the 
studied cells. 

If the pupa cells contained at least one mother mite and 
one live offspring mite, it was considered a reproductive 
mite. This was obtained by dividing the number of 
reproductive mites by the number of cells that contained at 
least one mite and then multiplying it by 100% of 
reproducing mites (Dietemann et al. 2013). Another factor 
studied in this experiment, which was of great importance 
and was measured, was the intensity of mite reproduction. 
Mites with more than 3 offspring were also recorded 
separately. The percentage of mites that had more than 3 
offspring was calculated by dividing the number of cells 
containing at least one mother mite and 3 offspring mites 
by the total number of infected cells and multiplying it by 
100 (Behrens et al. 2011). Fecundity of Varroa destructor 
is one of the most important fitness parameters that affect 
mite population dynamics and infestation, especially in 
male larvae. Fecundity is the number of offspring per mite. 
In this experiment, the number of offspring in each cell was 
divided by the number of mother mites in it and was 
recorded as a Fecundity record 

 

 

Molecular analysis 
The pupae of the examined male cells were placed in indi-
vidual sampling containers containing 70% ethanol alcohol 
and transferred to the Biotechnology Laboratory of the Re-
search and Training Center for Agriculture and Natural 
Resources of East Azerbaijan in the presence of dry ice. 
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Samples were maintained at -20 ˚C until DNA extraction. 
Genomic DNA extraction was performed by the modified 
CTAB method. Agarose gel method was used to determine 
the quantity and quality of DNA. Polymerase chain reaction 
(PCR) was amplified using specific primers to investigate 
the existence of polymorphism. Table 1 illustrated charac-
teristics and 6 investigated SSR primers. 

PCR amplification was performed in a total volume of 15 
μL containing master mix kit (Ampliqon, Denmark) 7.5 μL 
master mix 2X, 1 pmol of each primer (Forward and Re-
verse), and 4.9 μL ddH2O, and 1.5 μL of genomic DNA (all 
these steps were done on ice). Model of PCR Machin for 
amplification of fragment was Biometra Company and the 
PCR Program was used in the PCR machine to replicate the 
STR loci of the Touch-down PCR specific program proto-
col was designed to simultaneously amplify the locus and 
minimize nonspecific and starter bands. The “Touchdown” 
PCR protocol was used with initial denaturation of 95 ˚C 
for 8 min, followed by the first stage of amplification of 12 
cycles involving a denaturation step at 94 ˚C for 1 min, 
annealing based on reducing the temperature from 68 ˚C to 
52 ˚C for 40 sec, and extension at 72 ˚C for 30 sec, and 
finally, the final reproduction temperature was set at 72 ˚C 
for 8 min. The PCR products were determined on 10% 
polyacrylamide gels, stained with silver nitrate 0.1% in 1X 
TAE buffer. Allele sizes were estimated using the 11 lines 
(25-755-bp) ladder (Life science Company). 

 
Statistical analysis 
The number of genotyped samples was 117 drone pupae. 
The phenotype of these samples was also measured. Data 
were analyzed using SAS (SAS, 2003). Due to the fact that 
after statistical transformations such as rooting, logarithm, 
etc., the distribution of the residuals of linear models did 
not become normal. It was decided to use the Chi-square 
test to analyze the data. 

 

  RESULTS AND DISCUSSION 
Table 2 addressed descriptive statistics of measured traits in 
male pupae obtained from back crossed colonies. 

As can be seen in Figure 2, the position of the microsatel-
lite showed the polymorphism well in each of the samples. 
The size of the marker next to each gel makes it possible to 
identify the band size. In Figure 2, each column represents 
the genotype of a male pupa, and due to the n chromosomal 
nature of the males, a band is considered in each individual. 
Here, bands with reasonable distances from each other are 
considered different alleles. 

Study of 6 loci showed that HQ7622 locus with 6 geno-
types had the highest number of alleles and KO430 locus 
with one allele had the lowest number of alleles.  

As shown in Table 3, the effect of HQ7622 locus on all 
measured traits is significant. The effect of HQ7691 locus 
on the number of mother mites (P<0.05) and the rate of 
mite infestation was significant (P<0.05). The effect of 
UN086 position on any of the traits is not significant. The 
effect of UN334d locus on the number of mother mites 
(P<0.05) and the rate of mite infestation was significant 
(P<0.05). Effect of UN391 locus on number of mother 
mites (P<0.05), number of offspring mites (P<0.01), the 
total number of mites (P<0.01), fecundity (P<0.05) and rate 
of mite infestation (P<0.05) is significant. 

Table 3 displays P-value of different traits in relation to 
different loci, calculated from a Kruscal-Wallis Test. Ana-
lyzes performed to investigate the existence of any signifi-
cant differences between phenotypic and genotypic data 
showed that all 5 traits measured showed a significant rela-
tionship with a number of loci. The results of PCR and ex-
amination of acrylamide gel photographs showed that the 
K0429 locus showed only one band and no variation was 
observed between the samples, so this locus was not used in 
statistical analysis. However, review of sources showed that 
this locus with a physical position of 4.272 Kb is located on 
chromosome 4 of bees and is one of the suggested loci for 
mite reproductive disorders (Behrens et al. 2011). 

None of analyzes showed any association between 
UN086 status and any of the measured traits. This marker is 
located on chromosome 9 and the physical position of 
2/167 Kb and has been reported in the studies of Behrens et 
al. (2011) as one of the candidate sites for mite reproduc-
tive disorder, but in the present study there is no relation-
ship between this locus and the trait. This locus, along with 
the KO430, which showed no genetic diversity, is out of the 
question.  

The remaining four loci in statistical analyzes showed a 
significant relationship with the measured traits. The 
HQ7691 locus with a physical position of 2.167 Kb is lo-
cated on chromosome 7 and the results of data analysis 
showed that there was a significant relationship between 
this locus and some of the measured traits such as the num-
ber of mother mites in each cell are seen. This locus has 
been studied by Behrens et al. (2011), but in the report of 
these researchers, no significant relationship was found 
between this locus and the phenotype of mite reproductive 
disorder. 

The UN334d locus with a physical position of 6/214 Kb 
is located on chromosome 7 and the results of data analysis 
showed that a significant relationship between this locus 
and some of the measured traits, including the number of 
mother mites in each cell and infection is seen. In QTL 
mapping studies conducted by Behrens et al. (2011), no 
significant relationship was found between this position and 
the trait of Varroa mite reproduction disorder.  
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The UN391 locus with a physical position of 6.922 Kb is 

located on chromosome 7. This locus is located in the dis-
tance between GB11764 (6.752 Kb) and GB13873 (6.479 
Kb) genes. In the study of Behrens et al. (2011), the 
GB11764 gene is located directly at the peak of the LOD 
score on chromosome 7, where the orthologous of the foxo 
gene is responsible for transcribing the insulin signaling 
pathway. This gene affects the body's response to growth, 
immune response, longevity, nutrition, cell death, and en-
ergy metabolism (Nijhout, 2003; Wu and Brown, 2006). 
For example, in Drosophila (Junger et al. 2003), Colex 
Muscovite (Sim and Denlinger, 2008) and in humans 
(Willcox et al. 2008). Therefore, researchers consider the 
foxo gene to be a suitable candidate gene for a trait ex-
pressed in the developmental stage of bees (Behrens et al. 
2011).  

The second, GB13873, is the orthologous of the Droso-
phila gene, futsch. Navajas et al. (2008) in a study of ex-
pression at the genomic level using microarrays found that 
this gene is significantly reduced (0.86 times) in the Var-
roa-resistant bee line compared to the susceptible line. Re-
ports in Drosophila also indicate that this gene is down-
regulated in non-neural tissue at the growth stage and is 
involved in phosphorylation and stimulation of synaptic 
plasticity in neurons (Hummel et al. 2000). 

Interestingly, most of the genes that were expressed dif-
ferently in resistant and sensitive lines in the study by 
Navajas et al. (2008) were those involved in neuronal de-
velopment and sensitivity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Primers, name, sequences, and length (Adopted from Behrens et al. 2011)

Name Primer sequence Length(bp) 

5ˊ-CCAATGAATGGGTAAATCTAGCTC-3ˊ F 24 
UN086 

5ˊ-TGTAGAATTCCATTGGCAACG-3ˊ R 21 

5ˊ-TTACGATTGGGAACCGGG-3ˊ F 18 
UN334d 

5ˊ-CCCAAACAATCGGAGGCA-3ˊ R 18 

5ˊ-CGGGAGCAACAACGAAGAAGGAACT-3ˊ F 25 
HQ7691 

5ˊ-CGCGGTGCCCCTTTTTACAGTAATC-3ˊ R 25 

5ˊ-TCGATGCGGCGAAAATCTCCTCTTT-3ˊ F 25 
HQ7622 

5ˊ-TGCATGGAGTTCGACTTGCAAAGGT-3ˊ R 25 

5ˊ-CTCTTGATTGAAAGAAACTCGCC-3ˊ F 23 
K0429 

5ˊ-AATAACGGTGTCATGCCGC-3ˊ R 19 

5ˊ-GTCGAATGGCTAGAGACAAAGATG-3ˊ F 24 
UN391 

5ˊ-CCGAATTGTCGATATCGCAT-3ˊ R 30 

 
 
 
 
 
 
 
 

Table 2 Descriptive statistics of measured traits in male pupae obtained from back crossed colonies (H1 generation) 
Variable Sample number Mean Standard error 

Number of mother mite 117 0.89 0.32 

Number of offspring mite 117 1.82 2.20 

Total number of mite 117 2.71 2.31 

Phenotypic score 104 0.5 0.5 

Fecundity 104 5.05 2.23 

Infestation 117 0.89 0.32 

 
Behrens et al. (2011) consider these two genes as promis-

ing candidates for the mite reproductive suppression trait, 
but at the same time emphasize that they cannot be fully 
attributed to this trait or a suitable biological explanation 
for it. In the present study, the position of UN391, which is 
located between the two above-mentioned candidate genes, 
has shown a significant relationship with a number of traits. 
Considering the data in Table 3, it can be concluded that the 
relationship between this position and the measured traits is 
significant and the results are consistent with the findings of 
Behrens et al. (2011). 

The locus of HQ7622 was strongly associated with all 
measured traits. In this test, this locus has a significant rela-
tionship with at least two of the 5 measured traits, which 
indicates the importance of this position in the development 
of Varroa mite reproductive disorder. This locus is located 
on chromosome 7 of the bee and has a physical position of 
4.135 Kb (Behrens et al. 2011). In the study of Behrens et 
al. (2011), the relationship between this locus and the phe-
notype of mite reproduction disorder in male bee pupa cells 
was not significant, but as mentioned in this study, among 
the loci studied; this locus has the most association with 
case traits that were viewed. 

Successful reproduction of Varroa mites within host lar-
val cells is critical to balancing the parasite-host relation-
ship. The most obvious example is the primary mite host, 
Apis cerana, in which reproduction is limited to male larvae 
(Boot et al. 1999) and reproductive barriers exist between 
different host and parasite haplotypes (Navajas et al. 2008). 
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Figure 2 Variety of samples in different locations using polyacrylamide gel 

 
 
 
 
 
 
 
 
 
 

Table 3 P- value of different traits in relation to different loci, calculated from a Kruscal-Wallis Test

Number of mother 
mite 

Number of offspring 
mite 

Total number of 
mite 

Phenotypic 
score 

 Fecundity Infestation 

HQ7622 0.0002 0.0127 0.0076 0.0236 0.0127 0.0002 

HQ7691 0.0461 0.2746 0.1573 0.3483 0.2932 0.0461 

UN086 0.4113 0.2892 0.2624 0.6309 0.3077 0.4113 

UN334d 0.0370 0.1658 0.0579 0.8239 0.4110 0.0370 

UN391 0.0200 0.0044 0.0009 0.1219 0.0414 0.0200 
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Preventing the reproductive success of female Varroa 
mites has been identified as an important factor in the resis-
tance of African bees to this pest (Rosenkranz, 1999). It has 
also been shown to be present in a European population 
belonging to the island of Gotland (Locke and Fries, 2011). 
The results of this study showed that there is a good diver-
sity in terms of some elements of the trait of reproductive 
disorder of Varroa mite, including fecundity and pheno-
typic score in a segregation population. Also there is a good 
relationship between some studied markers and the SMR 
traits. In a similar study, a guanine/adenine polymorphism 
at the honey bee SNP 9–9224292 has been described in 
honey bees (A. mellifera) in North America and New Zea-
land. The guanine allele at this SNP was associated with 
VSH behavior, which is a variable trait innate to honey bees 
that can help control the destructive mite V. destructor 
(Sainsbury et al. 2022). Also, Sepehri et al. (2023) 
concluded that the existence of Specified SNPs in three 
regions of the NorpA2 gene promoter be-tween the case-
control groups that can be used in the molecular identifica-
tion of Varroa-resistant colonies and breeding programs to 
produce Varroa-resistant colonies. It is therefore, possible 
that within the genomic structure of the bee made a choice 
for this trait and these markers shows promise for marker 
assisted selection of Iran honey bees when aiming for in-
nate Varroa control traits. 

Another advantage of using this trait in selective breed-
ing programs is that by analyzing the reproductive success 
of mites inside bee larvae, the effect of these programs on 
the phenotype can be directly controlled. Therefore, the 
choice for this trait will be very useful in breeding pro-
grams to resist Varroa. Because several genes have major 
effects on this trait and individuals' genomes can be easily 
screened, marker-assisted selection (MAS) of this trait is 
much easier than other (often complex) behavioral traits 
that will be measurable on diploid worker bees. 

It is strongly suggested that the benefits of haploid males 
be used in genotypic and phenotypic evaluations and gene 
mapping studies. It is also recommended to use males rou-
tinely in marker selection in breeding programs. Using hap-
loid males, a more accurate answer can be reached faster. 
 

  CONCLUSION 
On this basis, a summary of results obtained from present 
research shows that SMR is an important section of resis-
tance of bee colonies to Varroa destructor mites. Interest-
ingly, HQ7622 microsatellite marker was associated with 
all measured traits. In detail, the effect of the HQ7691 locus 
on the number of mother mites and the rate of mite infesta-
tion was significant. Furthermore, UN086 didn’t affect any 
of the measured phenotypic characteristics. Using pheno-
typic and genomic DNA markers knowledge and creating 

of segregated population using of backcross mating be-
tween a susceptible × resistant colony, we demonstrated 
significant association between SMR trait and some of the 
investigated genetic markers. On this basis, we demon-
strated the importance of certain microsatellite markers for 
genetically identification of bee colony resistance to Varroa 
destructor mites. 
 

  ACKNOWLEDGEMENT 
We would like to express our sincere gratitude to East 
Azarbaijan Agricultural and Natural Resources Research 
and Education Center for financial support of this project. 
 

  REFERENCES 
Behrens D., Huang Q., Geßner C., Rosenkranz P., Frey E., Locke 

B., Moritz R.F. and Kraus F.B. (2011). Three QTL in the 
honey bee Apis mellifera L. suppress reproduction of the para-
sitic mite Varroa destructor. Ecol. Evol. 1, 451-458. 

Boot W.J., Calis J.N., Beetsma J., Hai D.M., Lan N.K., Toan T.V., 
Trung L.Q. and Minh N.H. (1999). Natural selection of Var-
roa jacobsoni explains the different reproductive strategies in 
colonies of Apis cerana and Apis mellifera. Exp. Appl. Acarol. 
23, 133-144. 

Dietemann V., Nazzi F., Martin S.J., Anderson D.L., Locke B., 
Delaplane K.S., Wauquiez Q., Tannahil C., Frey E., Ziegel-
mann B., Rosenkranz P. and Ellis J.D. (2013). Standard meth-
ods for varroa research. J. Apic. Res. 52, 1-54. 

Fries I., Camazine S. and Sneyd J. (1994). Population dynamics of 
Varroa jacobsoni: A model and a review. Bee World. 75, 5-28. 

Garrido C., Rosenkranz P., Paxton R.J. and Gonçalves L.S. 
(2003). Temporal changes in Varroa destructor fertility and 
haplotype in Brazil. Apidologie. 34, 535-541. 

Gebremedhn H., Claeys Bouuaert D., Asperges M., Amssalu B., 
De Smet L. and de Graaf D.C. (2023). Expression of molecu-
lar markers of resilience against Varroa destructor and bee vi-
ruses in Ethiopian honey bees (Apis mellifera simensis) focus-
sing on olfactory sensing and the RNA interference machin-
ery. Insects. 14, 436-445. 

Harbo J.R. and Harris J.W. (1999). Heritability in honey bees 
(Hymenoptera: Apidae) of characteristics associated with re-
sistance to Varroa jacobsoni (Mesostigmata: Varroidae). J. 
Econ. Entomol. 92(2), 261-265. 

Hummel T., Krukkert K., Roos J., Davis G. and Klämbt C. (2000). 
Drosophila Futsch/22C10 is a MAP1B-like protein required 
for dendritic and axonal development. Neuron. 26, 357-370. 

Jünger M.A., Rintelen F., Stocker H., Wasserman J.D., Végh M., 
Radimerski T., Greenberg M. and Hafen E. (2003). The Dro-
sophila forkhead transcription factor FOXO mediates the re-
duction in cell number associated with reduced insulin signal-
ing. J. Biol. 2, 1-17. 

Kirrane M.J., De Guzman L.I., Rinderer T.E., Frake A.M., Wag-
nitz J. and Whelan P.M. (2011). Asynchronous development 
of honey bee host and Varroa destructor (Mesostigmata: Var-
roidae) influences reproductive potential of mites. J. Econ. En-
tomol. 104, 1146-1152. 

826-819, )4(13) 2320(Animal Science Applied  ofIranian Journal   825 



Microsatellite and Suppression of Mite Reproduction in Honey Bee  
  
  

Rosenkranz P., Aumeier P. and Ziegelmann B. (2010). Biology 
and control of Varroa destructor. J. Invertebr. Pathol. 103, 
96-119. 

Lee K.V., Moon R.D., Burkness E.C., Hutchison W.D. and Spivak 
M. (2010). Practical sampling plans for Varroa destructor 
(Acari: Varroidae) in Apis mellifera (Hymenoptera: Apidae) 
colonies and apiaries. J. Econ. Entomol. 103, 1039-1050. Sainsbury J., Nemeth T.E., Baldo M., JochymI M., Felman C., 

Goodwin M., Lumsden M., Pattemore D. and Jeanplong F. 
(2022). Marker assisted selection for Varroa destructor resis-
tance in New Zealand honey bees. PloS One. 17(9), e0273289.  

Locke B. and Fries I. (2011). Characteristics of honey bee colo-
nies (Apis mellifera) in Sweden surviving Varroa destructor 
infestation. Apidologie. 42, 533-542. 

SAS Institute. (2003). SAS®/STAT Software, Release 9.1. SAS 
Institute, Inc., Cary, NC. USA. 

Mondet F., Parejo M., Meixner M.D., Costa C., Kryger P., An-
donov S., Servin B., Basso B., Bienkowska M., Bigio G., 
Cauia E., Cebotari V., Dahle B., Maja Draži´c M., Hatjina F., 
Kovaˇci´c M., Kretavicius J., Lima A.S., Panasiuk B., Pinto 
M.A., Uzunov A., Wilde J. and Büchler R. (2020). Evaluation 
of suppressed mite reproduction (SMR) reveals potential for 
varroa resistance in european honey bees (Apis mellifera L.). 
Insects. 11, 595-602. 

Sepehri B., Alijani S., Javanmard A., Johnmohammadi H. and 
Hasanpur K. (2023). Molecular screening of varroa�resistant 
trait of honey bee colonies based on NorpA2 candidate gene 
polymorphism: A genetic case�control study. Iranian J. Appl. 
Anim. Sci. 13(1), 177-185. 

Sim C. and Denlinger D.L. (2008). Insulin signaling and FOXO 
regulate the overwintering diapause of the mosquito Culex 
pipiens. Proc. Natl. Acad. Sci. 105, 6777-6781. 

Navajas M., Migeon A., Alaux C., Martin-Magniette M.L., Robin-
son G.E., Evans J.D., Cros-Arteil S., Crauser D. and Le Conte 
Y. (2008). Differential gene expression of the honey bee Apis 
mellifera associated with Varroa destructor infection. BMC 
Genom. 9, 1-11. 

Solignac M., Vautrin D., Baudry E., Mougel F., Loiseau A. and 
Cornuet J.M. (2004). A microsatellite-based linkage map of 
the honeybee, Apis mellifera L. Genetics. 167(1), 253-262. 

Nijhout H.F. (2003). The control of growth. Development. 130, 
5863-5867. 

Willcox B.J., Donlon T.A., He Q., Chen R., Grove J.S., Yano K., 
Masaki K.H., Willcox D.C., Rodriguez B. and Curb J.D. 
(2008). FOXO3A genotype is strongly associated with human 
longevity. Proc. Natl. Acad. Sci. 105, 13987-13992. 

Rosenkranz P. (1999). Honey bee (Apis mellifera L.) tolerance to 
Varroa jacobsoni Oud in South America. Apidologie. 30, 159-
172. Wu Q. and Brown M.R. (2006). Signaling and function of insulin-

like peptides in insects. Annu. Rev. Entomol. 51, 1-24. Rosenkranz P. and Garrido C. (2004). Volatiles of the honey bee 
larva initiate oogenesis in the parasitic mite Varroa destructor. 
Chemoecology. 14, 193-197. 

 

 

 826-819, )4(13) 2320(Animal Science Applied  ofIranian Journal   826 


